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We propose and analyze a scheme for photon trapping in an optical resonator coupled with two-level atoms. We show that when the 
cavity is excited by two identical light fields from two ends of the cavity respectively, the output light from the cavity is suppressed while 
the intra-cavity light field is near the maximum due to the excitation of the polariton state of the coupled cavity and atom system. We also 
present methods for the direct probing of the trapped polariton state. The photon trapping is manifested by the destructive interference of 
the transmitted light and the incident light. Such photon trapping is quite generic and should be observable experimentally in a variety of 
cavity quantum electrodynamics systems.  
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Photon confinement and trapping is a current research 
topic and is important for a variety of fundamental 
studies and practical applications [1-4]. Considerable 
research efforts have been spent in exploring new ideas 
and developing practical techniques to slow down, localize, 
trap, and store photons in atomic media or photonic 
structures [1-7]. A well-know example is the Anderson 
localization in which light can be trapped in a disordered 
medium through multiple light scatterings [2-3]. Recently, 
the light trapping and localization have been reported in 
the nano-plasmonics device and nano-optical structures 
[6-7] 
   Here we propose a novel scheme for photon trapping in 
a cavity quantum electrodynamics (CQED) system [8] and 
no disordered medium is involved [9]. The CQED system 
consists of a cavity containing N two-level atoms and 
being excited by two coherent light fields from two output 
mirrors [10]. We show that when the two input fields are 
identical, the photons are coupled into the cavity through 
the polariton excitation by two input fields, but cannot 
leak out from the cavity. The output light fields from the 
cavity are completely suppressed. We derive the photon 
trapping conditions and present numerical calculations  
that reveal the detailed characteristics of the photon 
trapping in the CQED system.  
Fig. 1 shows the schematic diagram for the coupled 
CQED system that consists of N two-level atoms confined   
           
 
 
 
Fig. 1 The CQED system consisting of N two-level atoms 
confined in the cavity mode and two input light fields.  
 
in a single mode cavity and is excited by two input light 
fields rina  and 
l
ina from two ends. The cavity mode couples 
the atomic transition |2> -|1> (|2> (|1>) is the ground 
(excited) state of the two-level atoms) with frequency 
detuning 21  cavc . The two input fields have the same 
frequency l and is coupled into the cavity with the 
frequency detuning cl   . The frequency detuning of 
the input fields from the atomic transition is 21  l . We 
define the collective atomic operators )(
2
1
22
1
11
i
N
i
iz ssS  

, 


 
N
i
isS
1
21
, and 

 
N
i
isS
1
12
( is11 , 
is22 , 
is21 , and 
is12  are the 
atomic operators for the ith atom). The interaction 
Hamiltonian for the CQED system is 
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Here aˆ  ( aˆ ) is the annihilation (creation) operator of the 
cavity photons, lina and
r
ina are two input fields to the cavity 
(see Fig. 1), 

 ii
T
 (i=r or l) is the loss rate of the 
cavity field on the mirror i (Ti is the mirror 
transmission and  is the photon round trip time 
inside the cavity), and  Vg c 012 2/    is the cavity-atom 
coupling coefficients and is assume to be uniform for 
the N identical atoms inside the cavity. The equations 
of motion for the CQED system, 
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2 is the decay rate of the excited state |2>. We 
consider a symmetric cavity in which   21 , 
drop the quantum fluctuation terms, and treat S+ , S-, Sz, 
and a  as c numbers. In the weak excitation limit (Sz ≈ -
N/2), the steady-state solution of the output light field 
from the right mirror and the left mirror are 
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respectively. If the two input fields are identical, lin
r
in aa  , 
the two output fields are equal, lr aa  .  When 
 2
2
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Ng
i , 0 lr aa ( but the intra-cavity light 
field 0a ),  the photons inside the cavity cannot leak 
out and the photon trapping occurs in the CQED system. 
The specific trapping conditions are: 
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and  
        Ng2 .                                                       (4-2) 
The physics behind the photon trapping is the 
destructive interference between the transmitted 
filed and the input light field [10] as depicted in Fig. 
2 for the case when the cavity is resonant with the 
atomic transition. 
 
Fig. 2 (a)  The CQED system with only the left input field lina . 
(b) The CQED system with only the right input field rina . (c) 
The CQED system with both input fields lina  and 
r
ina . With 
=, the coherent addition of (a) and (b) leads to the photon 
trapping in (c). 
 
   In the strong collective coupling limit, Ng 2 ,, the 
CQED system is resonantly excited when the input 
field frequency is tuned to the resonant frequency of 
the polariton states (the normal modes) at 
Ng  (the cavity detuning c=0). If there is 
only one input field (Fig. 2(a)), the left output field is 
l
in
l aa
2
1
  and out of phase with the input field lina ; the 
right output field lin
r aa
2
1
 and is in phase with the 
input field lina . No photon trapping occurs as showed 
in Fig. 3 for the output light intensities from two 
ends of the cavity. Fig. 3(a) shows the standard two-
peaked spectrum of the CQED system with the peak 
separation equal to the vacuum Rabi frequency Ng2
[11-14]. Fig. 3(b) plots the normalized intra-cavity 
light intensity /|| 2a 2|| lina , (the photonic excitation) 
and NSb /|||| 22  (the total atomic excitation). At the 
peak of the polariton excitation, 
22222 |||||||||| lin
lr aaaba  . 
 
Fig. 3  With only one input field 0lina  ( 0
r
ina ) and 10Ng , 
(a)  the output field intensities 2|| la (red line)and 2|| ra (blue 
line) normalized to 2|| lina versus the input frequency 
detuning/; (b) the intracavity field intensity 2|| a (red line) 
and 2|| b (blue line) normalized to 2|| lina versus /.   
     
Similarly, if there is only one input field ra  from the 
right side, the left output field becomes rin
l aa
2
1
  and 
the right output field becomes rin
r aa
2
1
 . No photon 
trapping occurs. However, if both input fields are 
present and are equal in their phase and amplitude, 
lr aa  , the coherent addition of the Fig. 2(a) and Fig. 
2(b) leads to the combined output field at the left side 
0
2
1
2
1
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r
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l aaa and the right side 0
2
1
2
1
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That is, the photons are trapped inside the cavity 
and cannot leak out from the cavity mirrors. We 
performed numerical calculation for the photon 
trapping in the CQED system with system 
parameters consistent with that reported in earlier 
CQED experiments [15]. The detailed behavior of the 
photon trapping is shown in Fig. 4(a) in which the  
 
Fig. 4 With two identical input fields rin
l
in aa  , 10Ng  and 
c=0, (a)  the output field intensity 
2|| la and 2|| ra ( 2|| ra = 2|| la ) 
normalized to 2|| lina versus the input frequency detuning/; (b) 
the intracavity field intensity 2|| a  and (c) 2|| b versus /. The 
blue lines correspond to the photon trapping with = 
 
output light intensity 2|| ra  (= 2|| la ) is plotted versus 
It shows that at the polariton resonance Ng , 
when the photon trapping condition = is satisfied 
(the blue line), the output light is completely 
suppressed; when the photon trapping condition is 
not met (=0.1, the red line or =3, the brown 
line), the output light intensity is not zero. With 
c=0, the spectra are symmetrical and both normal 
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modes exhibit the photon trapping when the input 
fields are tuned to their resonances at Ng .  The 
photon trapping also occurs when c≠0 (the cavity is 
tuned away from the atomic resonance). From the 
trapping conditions (4-1) and (4-2), one derives
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of the polariton states (normal modes) are given by
Ngcc 2
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 . Then in order for the photon 
trapping to occur, two conditions must be 
simultaneously met: first, the input laser detuning 
must match   such that the polariton state 
(normal mode) of the CQED system can be excited 
and the photons are coupled into the cavity mode; 
second, the same detuning  must also satisfy 
2
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with a fixed atomic transition frequency, typically, 
the cavity decay rate  and the atomic decay rate  
are fixed, but the cavity frequency detuning c can be 
freely tuned. Then, with )(
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conditions for the input light frequency  are 
simultaneously met only at 
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Ng , but not 
-. Therefore, the photon trapping occurs only at one 
of the polariton states at +.  Similarly, with
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the resonant frequencies of the polariton states are 
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 Ng .  The photon trapping 
occurs only at the polariton state -. One example is 
plotted in Fig. 5 that shows with a detuned cavity 
(c=15), the excitation spectrum is asymmetrical, 
both output light fields lina  and 
r
ina  are completely 
suppressed at the left  polariton peak


 5

 Ng ; at the right polariton state


 20

 Ng , the output light field is nonzero.   
 
Fig. 5  With two identical input fields rin
l
in aa  , 10Ng , and 
=4 and the photon trapping condition for the cavity 
detuning is met at 



 15)(


Ngc , (a)  the output field 
intensity 2|| la and 2|| ra ( 2|| la = 2|| la ) normalized to 2|| lina
versus /; (b) the intracavity field intensity 2|| a and the atomic 
excitation 2|| b  normalized to 2|| lina versus /.   
 
Fig. 5(b) plots the atomic excitation |b|2 (the red 
line) and the intra-cavity photonic excitation |a|2 
versus  and shows that the polariton state at 


 5

 Ng  is largely consisted of the atomic 
excited state and the polariton state at 


 20

 Ng  is largely consisted of the photonic 
state. The photon trapping occurs to the polariton 
state dominated by the atomic excitations [16-18].  
   There is no output light when the photon trapping 
occurs, but the photon trapping spectral and dynamic 
properties can be measured by applying a free-space 
probe laser that couples the polariton state to a 3rd 
atomic state (see Fig. 6) with the technique 
demonstrated in ]19]. In Fig. 6(a), the weak probe 
 
Fig. 6 (a) a -type system (b) a Ladder-type system for probing 
the trapped |+> polariton state.    
                        
laser will be amplified when it is tuned to |+>-|3> 
transition but would be unaffected if it is tuned to |-
>-|3> transition. In Fig. 6(b), the fluorescence occurs 
from the upper state |3> when the probe is tuned to 
|+>-|3> transition but no fluorescence occurs for 
the probe tuned to |->-|3> transition. The probe 
laser not only can be used to characterize the photon 
trapping but it can also be used as a control field to 
explore the photon trapping for possible applications.        
   The photon trapping in the CQED system can be 
controlled by the relative phase between the two 
input fields lina   and 
r
ina .  With the photon trapping 
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conditions (4-1) and (4-2) satisfied, Fig. 7 shows the 
photon trapping dependence on the phase difference
rl   of the two input fields l
il
in
l
in eaa

|| and
r
il
in
r
in eaa

|| . With c=0 (the cavity is resonant with  
 
Fig. 7 With two input fields lilin
l
in eaa

|| and ri
l
in
r
in eaa

|| , (a) 
the normalized output field intensity 2|| la (the red line) and 
2|| ra (the blue line) and (b) the normalized intracavity field 
intensity 2|| a (the red line) and the atomic excitation 2|| b (the 
blue line, nearly overlapped with the red line) versus
rl   .  10Ng , and other parameters are the 
same as that in Fig. 4. With the cavity detuning  15c  and 
 5 (other parameters are the same as that in Fig. 5), 
(a’) plots the normalized 2|| la (the red line) and 2|| ra  (the 
blue line), and (b’) plots the normalized 2|| a (the red line) and 
2|| b (the blue line) versus . 
 
the atomic transition) and Ng (the input light is 
resonant with the polariton state |+>), Fig. 6(a) and 
6(b) plot the output light intensities 2|| la and 2|| ra , 
and 2|| a  and |b|2 versus  . It shows that by 
varying  from 0 to , the output light intensities 
change from zero to the maximum value 1 while the 
intra-cavity excitation ( 2|| a and |b|2) changes from 
the maximum to zero. The two output fields are not 
equal to each other except at  =0 or . Similar 
behavior can be also observed for the cavity detuned 
from the atomic resonance as shown in Fig. 6(a’) and 
(b’), in which  15c and the input field frequency 
is tuned to the polariton resonance at =-5 (the 
same parameters as in Fig. 5). The specific technical 
parameters ( 10Ng  and =or=4used for the 
calculations here can be readily obtained in a 
reported experimental CQED system with cold Rb 
atoms [16]. Therefore, the experimental observation 
of the photon trapping in the CQED system with cold 
Rb atoms should be feasible. 
In conclusion, we have shown that in a multiatom 
CQED system coupled by two identical laser fields from 
the two output ends of the cavity, photons can be trapped 
inside the cavity when the polariton state is excited. Such 
photon trapping occurs for the two symmetrically located 
polariton states when the cavity is resonant with the 
atomic transition. If the cavity is detuned from the atomic 
transition, the photon trapping can be observed in one of 
the two polariton states. The photon trapping proposed 
here is a general physical phenomenon induced by the 
destructive interference between the transmitted light 
field and the input light field, and should be observable in 
a variety of experimental CQED systems [20-24]. 
Particularly, it will be interesting to explore the photon 
trapping in a hybrid ferromagnetic magnons and 
microwave cavity system [24] in which the Kittel mode 
frequency (corresponds to the atomic transition frequency 
12 here) can be continuously tuned, thus it provides an 
alternative way to match the photon trapping conditions. 
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